Vitamins are brought by meals. Some of them are cofactors in homocysteine metabolism, and, if plasma homocysteine values are not known to have a circadian rhythm, little is known about meal influence on blood folate, and vitamins Β12 and B6. The aim of this study is to analyze the effect of breakfast and lunch on plasma folate, vitamins B12 and B6. homocysteine and red cell folate (RCF) in 13 subjects; and, in 6 of them, to compare plasma folate and vitamin Β12 values with three analytical methods. In the 13 subjects, folate, vitamins B12 and B6 and RCF were analyzed by RIA, homocysteine by fluorescence polarization immunoassay and vitamin B6 by HPLC. In 6 of the subjects, additionally, plasma folate and vitamin Β12 were analyzed by microbiology and by enzymoimmunoassay (EIA). Mean plasma folate levels at 11AM. 2PM, and 4PM were not significantly different, compared with 9AM mean values, independent of the method, while, when analyzed by microbiology, mean vitamin B12 concentrations decreased significantly (-12%), but not by RIA or by microbiology. Plasma folate concentrations, obtained by the different methods, and RCF concentrations were correlated, as for vitamin B12 concentrations. But, when analyzed by EIA. vitamin B12 v alues were higher than by the two other methods. We conclude that plasma folate levels were constant at the different sampling hours, while vitamin B12 levels were decreased at 11AM, 2PM and 4PM, when compared with the fasting concentrations, and when assayed by microbiology. No difference was seen by RIA or by EIA. The evaluation of clinical data is not easy, due to the lack of a standardized analytical method, and international standards are needed.
Introduction
Vitamins are transported by meals but still little is known about the influence of meal on circulating folate and vitamins B12 and B6, the cofactors of enzymes in homocysteine metabolism, while plasma homocysteine is not known to present a circadian rhythm (1) . Folate is found in various kinds of foods: liver, yeast, green vegetables, dry legumes, eggs, some fruits, cereals. But as much as 50% of folate may be destroyed during cooking and meal conservation.
Folate is absorbed from the intestine and stored mainly in liver. Vitamin Β 12 (Cobalamin) is found primarily in animal products and a small quantity is supplied by intestinal bacteria. Vitamin Β12 is linked with an intrinsic factor in stomach and the complex is absorbed in the distal ileum. Then vitamin B12 is brought in plasma by the transcobalamin and stored in the liver. In plasma and tissue, the predominant forms are methyl-, adenosyl-and hydroxocobalamin.
Severe vitamin Β12 deficiency causes anemia with megaloblastosis. Vitamin B6 sources are largely as those of vitamin Β12: chicken, fish, eggs, meat, but also bread. Vitamin B6 (pyridoxine, pyridoxal and pyridoxamine) is absorbed by the ileum, transported in plasma, then cellular B6 is metabolically phosphorylated. One ofthe phospho-forms, is the pyridoxal phosphate (PLP), linked with albumin, and stored in liver. These vitamins, stored in liver, are distributed in response to the needs (2-5).
The aim of this study was to monitor the effect of breakfast and lunch on plasma folate, vitamin Β12, vitamin Β 6, homocysteine and on red ccll folate in 13 healthy subjects and to compare plasma folate and cobalamin results analyzed by three different methods in 6 of these subjects.
Subjects and Methods
Subjects Thirteen apparently healthy women, based in the Laboratory of Biochemistry, aged from 32 to 59 years (median: 41 years), one of them taking a hormonal substitutive therapy and one pensioned 63 years old male hospital employee.
Dietary intake Subjects were sampled 4 times by day: at 9 hours AM, at 1 I hours AM, at 2 hours PM and at 4 hours PM. The first sampling was at a fasting state; the second, two hours after a breakfast consisting in coffee, bread, butter, marmalade and panetone (Italian bread, rich in yeast); the third and fourth respectively 2 and 4 hours after lunch with green salad, tomatoes, calf leaves ( 100 g), 2 pieces of bread, yogurt and mixed sirup fruits. The indicated hours could vary by ± 15 min.
Biochemical analysis In the subjects, plasma folate, vitamin Β12 and red cell folate (RCF) were analyzed by a radioimmunoassay (RIA), with a 16 point standard curve. CV: 9.5 % (CEA, Saclay, France), plasma homocysteine by fluorescence polarization immunoassay on an Imx apparatus, with a 7 point standard curve, CV: 8.6 % (Abbott, Rungis, France) and PLP. the active form of vitamin B6, was assayed by Η PLC -fluorescence, one point calibration, CV: 7.8 % (Recipe Kit, Precision Instrument, Marseille France).
In 6 out ofthe 13 subjects, plasma folate and B12 concentrations were assayed also by a microbiological method: folate using Lactobacillus casei and B12 using Lactobacillus leishmanii, and by an immunoenzymatic assay (EIA), with a 6 point calibration standard curve, and a master calibrator to correct its slope; CV: 10.5 % (Abbott. Rungis, France).
At each time, blood was sampled in one tube without anticoagulant, to assay serum folate and vitamin Β12 by microbiology, and in 2 tubes with ethylenetetraacctic acid, tri-potassium salt (EDTA) as anticoagulant for the other analysis.
In the subjects, blood was sampled in two series, separated by two weeks Tubes without coagulant were centrifuged 20 minutes after sampling and serum was frozen (-20°C) to assay serum folate and vitamin B12 by microbiology. EDTA samples were immediately put in ice and all the samples were treated within one hour. One-hundred μΐ of total blood were diluted in lml of 1% ascorbic acid solution in water, freshly prepared (each 3 hours) for RCF, RIA assay and 500 μΐ of plasma were diluted with 500 μΐ of ascorbic acid solution for plasma folate and vitamin B12 RIA assay, and frozen at -20°C. Then, the resting samples were centrifuged and the plasma was frozen at -20°C for homocysteine, PLP, folate, and vitamin B12 analyzed by EIA. Samples were also analyzed in two distinct series in the consecutive week of sampling, by RIA. In the last series, folate and vitamin B12 were analyzed in plasma ofthe six subjects, by RIA and microbiological methods. Plasma folate and vitamin Β12 were assayed by EIA in the same series, 1.5 month after first sampling.
Normal range
Plasma folate: 3-20 ng/ml; plasma vitamin Β12: 200 -800 pg/ml; plasma PLP: 20 -110 nmol/L; RFC: 175-700 ng/ml; plasma homocysteine: 5-12 μηιοΐ/ΐ. Statistical analysis To study the effect of meal on the different values, post meal results were compared with fasting results by paired Student's t test. Correlation analysis was used to examine the relationship between various assay's methods and Spearman rank statistics was used. Time effect among the four repeated measures was studied by an analysis-of-variance (ANOVA) method for repeated measures. A ρ value < 0.05 was considered to be significant. When post-meal results were compared with fasting results, the paired Student's t test was used and a Bonferroni correction was applied. Table 1 shows all the mean results ofthe 13 subjects. analyzed at the four hours of sampling. The results at 11 AM, 2 PM and 4 PM were compared with the results at 9 PM. In the tested conditions, no statistical difference was seen concerning the means of plasma folate and vitamin Β12. and RCF results, analyzed by RIA, or the means of plasma homocysteine and vitamin B6 values.
Results
The mean results of 6 ofthe preceding subjects, in whom plasma concentrations of folate and Β 12 were analyzed by the three different methods, were not different from the whole group of individuals ( Table 1 ) . Results of plasma folate and vitamin B12 at 11 AM, 2 PM and 4 PM were not significantly different from the (6), both using HPLC methods, with different detection. The preanalytical step of homocysteine assays is well known, but the comparison of different method values showed that the interchangeability of homocysteine results between different laboratories was not satisfactory (7), which could explain the difference in results.
In this study, a slight increase of the homocysteine mean value (0.2 μπιοΐ/ΐ) was observed at 2 PM versus 11 AM, but after meal, no difference was seen with the fasting mean value. The intake of 276^g/d folate increased blood S-adenosylmethionine and S-adenosylhomocysteine, at days 7 and 14 of the experimental period (8) , but the metabolic utilisation of folate, influenced by homcostatics mecanisms. is difficult to study (9) . In the literature, 6 hours after consumption of food rich in folate: 600 and 300g of spinach, resulted in plasma folate increase between one and two hours (respectively 61% and 37%), not seen in our conditions with foods containing less folate ( 10) .
Variability of the folate values, obtained with different methods, was reported by several authors (11) attributable to characteristics of folate binders. No such difference was observed for plasma folate concentrations in this study. The fluctuations in plasma folate concentration cannot be eliminated by fasting as has been demonstrated in several studies (12) . Fasting also affects plasma folate, resulting in increased concentrations. Pietrzik et al., observed a more than 100% increase in serum folate from a mean of 8 ng/ml to 18 ng/ml during a 24 h fast (12) . Similar findings were reported by Cahill et al.: during a 36 h fast, scrum folate increased from a mean of 14.8 ng/ml to 29.3 ng/ml (13) . The peak of the post-absorptive vitamin B12 concentrations in plasma is reached 8-12 h after ingestion (14) .
Folate concentrations obtained by the different methods were well correlated, as vitamin B12 concentrations, but vitamin B12 concentrations by CIA were higher than by the two other methods. It is important in clinical practice, in particular, in neural tube defect biological studies (15) : a subject could be vitamin B12 deficient, when analyzed by one method, or normal, according to another method.
Assays of folate and vitamin B12 concentrations by EIA and RIA are based on their competition with exogenous labeled molecules to link proteins, and so, the assay specificity depends on the purity of these proteins and on their linking power. Concerning the discrepancy in vitamin B12 results, according to the method used, some authors have indicated vitamin B12 analogs in human plasma, biologically inactive (16) . which could interfere in the assays.
We conclude that mean plasma folate concentrations did not change at the different sampling hours, while mean vitamin B12 concentrations were decreased at 11AM, 2PM and 4PM, when compared with the fasting value mean, when assayed by microbiology. No difference was seen by RIA or EIA. The evaluation of clinical data is not easy, due to the lack Pteridincs/Vol. 16/No. 1 of standardized analytical method and international standards are needed.
